Abstract: Eucalyptus tree is a high potential plant species as a deep root system for water absorption to prevent the salt rise-up, a large bushy to cover the surface area and to detoxify the toxic salt ions. The aim of this research is to investigate the responses of Eucalyptus camaldulensis to different sites of inland salinity. Survival percentage of salt-stressed eucalypt was decreased, relating to salt contamination and negatively correlated with proline accumulation. Water use efficiency in the salt-stressed leaves was negatively related to electro conductivity (EC) values in the salt-affected soil. Chlorophyll a (Chl a ) and total chlorophyll (TC) degradations were positively related to maximum quantum yield of photosystem II (PSII) (F v /F m ) (r 2 =0.89) and quantum efficiency of PSII (Φ PSII ) (r 2 =0.95), leading to low net photosynthetic rate (P n ) (r 2 =0.79) and to reduce the growth characteristics in term of plant height and circumstance. The survived eucalypt plants in the severe salinity land containing high salt contamination (1.7-2.0% salt) may be further applied as potential plant species to remediate the inland salinity soil. 
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Introduction
Salt affected soil is one of environmental issues to become a serious problem, inhibiting plant growth and development prior to loss of productivity, especially in crop species being defined as glycophyte (Hasegawa et al., 2000; Qadir et al., 2008 (Tanji, 2002) . In inland salinity, NaCl is a dominant salt contamination in the soil. It is a small molecule when oxidized by water, producing sodium ions (Na + ) and chloride ions (Cl -), which are easily absorbed by the root tissues of higher plants and transferred to the whole plant using xylem uploading channels (Maathuis and Amtmann, 1999; Tester and Davenport, 2003; Rodriguez-Navarro and Rubio, 2006) . In susceptible plant species, ionic and osmotic stresses derived from salt ions at the cellular level have been evidently identified (Mansour and Salama, 2004; Chinnusamy et al., 2005) . There are many procedures that can be used to improve salt affected land, such as, water leaching, chemical remediation and phytoremediation (Ahmad and Chang, 2002; Sharma and Minhas, 2005; Qadir et al., 2007) . A phytoremediation technique is an effective way to solve the saltaffected soil problem (Turner and Ward, 2002; Qadir and Oster, 2004; Qadir et al., 2007; Jianfeng et al., 2008; Kiliç et al., 2008) .
Eucalyptus camaldulensis is an original species from Australia and widely distributed in many regions of the world with a short rotation (Rockwood et al., 2008) for pulp and paper production. It is a miracle plant to be grown in the drought and saline soil conditions (Madsen and Mulligan, 2006; Dale and Dieters, 2007) . The objective of present study was to investigate the adaptabilities including survival percentage, proline accumulation, photosynthetic abilities and growth performances as indicator of eucalypt tree in the salt-affected soil.
Materials and methods
Plant materials
Eucalyptus plantlets were propagated and photo-autotrophically acclimatized, according to Cha-um et al. (2003) . The plantlets were directly transplanted to open plastic bags (size 10W×10L×20H cm), containing a mixture of two parts of soil and one part of vermiculite. The transplanted plantlets were incubated in a glasshouse at 30±2°C 75±5% relative humidity (RH) and 500±100 µmol m photoperiod. Six-month-old transplanted plantlets were acclimatized by irrigation with 50 mM NaCl and 50% shading natural light intensity for 7 days and then directly planted in salinity field trials, plot site I, II and III at Ban Muang (17°5′0″N 103°35′0″E) Sakol Nakron, Northeastern region of Thailand in different salt levels, 0.0-0.1% (control) and/or 1.7-2.0% salt (291-342 mM NaCl) ( Table 1) . Survival percentage, proline content, chlorophyll content, chlorophyll a fluoresccence, photosynthetic abilities and growth performances were measured after planted in the field trial for 10 months.
The proline content of the leaves was extracted and analyzed according to the method of Bates et al. (1973) . Fiftymilligrams of leaf materials were ground in liquid nitrogen using mortar. The homogenate powder was mixed with 1 mL aqueous sulfosalicylic acid (3% w/v) and filtered through filter paper (Whatman #1, England). The extracted solution was reacted with an equal volume of glacial acetic acid and ninhydrin reagent (1.25 mg ninhydrin in 30 mL glacial acetic acid and 20 mL 6 M H 3 PO 4 ) and incubated at 95°C for 1 h. The reaction was terminated by placing the container in an ice bath. The reaction mixture was mixed vigorously with 2 mL toluene. After cooling to 25°C, the chromophore was measured by spectrophotometer DR/4000 at 520 nm using L-proline as a standard. Chlorophyll a (Chl a ), chlorophyll b (Chl b ) and total chlorophyll (TC) concentrations were determined following the method of Shabala et al. (1998) and the total carotenoids (C x+c ) concentration was determined following the method of Lichtenthaler (1987) . One hundred milligrams of leaf material was collected and placed in a 25 mL glass vial, along with 10 mL 95.5% acetone, and blended using a homogenizer. The glass vials were sealed with parafilm to prevent evaporation, and stored at 4°C for 48 h. Chl a and Chl b concentrations were measured using a UV-visible spectrophotometer at 662 nm and 644 nm wavelengths. The C x+c concentration was also measured by spectrophotometer at 470 nm.
Chlorophyll a fluorescence emission from the adaxial surface on the third leaf from the shoot tip was monitored using a Fluorescence Monitoring System (FMS 2; Hansatech Instruments Ltd., Norfolk, UK) in the pulse amplitude modulation mode, as previously described by Loggini et al. (1999) . A leaf, adapted to dark conditions for 30 min using leaf-clips, was initially exposed to the modulated measuring beam of far-red light (LED source with typical peak at wavelength 735 nm The experiment was arranged in a Completely Randomized Design (CRD) with 10 replications (n=10). Analysis of variance (ANOVA) was computed using the SPSS software (SPSS for Windows, SPSS Inc., USA), as well as means in each treatment were compared by the Least Significant Difference (LSD).
Results and discussion
Survival percentage of eucalypt tree in salt-affected soil was significantly dropped to 30, 16 and 14%, relating to 1.7, 1.8 and 2.0% salt concentrations, respectively (Figure 1 ). In contrast, proline contents in the leaf tissues of eucalypt were enriched and peaked at 4.1 µmol g -1 FW in plant grown under 2.0% salt contamination in plot site III (Figure 1 ). The electro conductivity (EC) in the soil solution was negatively related to water use efficiency (Figure 2A ). An increasing salt concentration in the soil solution directly injured the chlorophyll a (Chl a ), chlorophyll b (Chl b ), total chlorophyll (TC) and total carotenoids (C x+c ) contents ( Table 2) . As an example, the photosynthetic pigments, Chl a , Chl b , TC and C x+c were significantly dropped when exposed to 1.70% salt conditions in plot site I for 54.79, 53.75, 54.50 and 50.30%, respectively. The Chl a and TC contents in the salt-stressed leaves was positively correlated with maximum quantum yield of PSII (F v /F m ) (Fig. 2B ) and quantum efficiency of PSII (Φ PSII ) (Figure 2 C) respectively, causing to low net photosynthetic rate (P n ) ( Figure 2D ). The F v /F m , Φ PSII , P n and stomatal conductance (g s ) in the leaf tissues was significantly decreased by salt stress, whereas the different plot sites were unaffected (Table  3 ). In contrast, the transpiration rate (g s ) in salt stressed leaves was enhanced. Diminishing of photosynthetic abilities including F v /F m , Φ PSII , P n and E was depended on salt contamination in the soil and higher than those in control condition of all plot sites, leading to overall growth reduction. In the salt affected soil, growth performances including plant height and branch circumstance were significantly decreased ( Figure 3 and Figure 4 ). Survival percentage and physiological adaptabilities of eucalypt tree in the saltaffected soil were reduced relating to salt concentrations in the soil. Similarly, the survival percentage of eucalypt (E. camaldulensis) in the salt-affected soil is reduced to 87.6, 72.4 and 70.5%, depending on cultivation periods, 3, 6 and 9 months, respectively (Shirazi et al., 2006) . In addition, the survival percentage of E. camaldulensis cultivated in the 300-400 mM NaCl is better than other species, including E. populnea and E. citriodora (Madsen and Mulligan, 2006) . Proline content is enriched in E. camaldulensis treated with 100 mM NaCl, relating to salt concentrations (50 and 100 mM NaCl) and salt exposure times (Woodward and Bennett, 2005) . The WUE in salt stressed eucalypt is significantly dropped, according to 100-300 mol m -3 sodium salt in the pot culture (Adams et al., 2005) . Reduction of WUE may be played as a major toxic to be induced pigment degradation, chlorophyll a fluorescence diminishing and netphotosynthetic rate (P n ) reduction when exposed to salt stress. Chlorophyll contents in E. camaldulensis cultivated in pot culture containing salt are reduced (Rawat and Banerjee, 1998; Woodward and Bennett, 2005; Cha-um and Kirdmanee, 2008) . Moreover, the chlorophyll a fluorescence activities of chlorophyll pigments, including maximum quantum yield of PSII (F v /F m ) and quantum efficiency of PSII (Φ PSII ) are significantly diminished when exposed to salt-affected soil (Cha-um and Kirdmanee, 2008) , leading to reduce P n with high g s (Rawat and Banerjee, 1998) and may play as effective criteria to identify the salt adaptabilities in eucalypt species (Corney et al., 2003) . The reduction percentages of photosynthetic abilities are positively related to low biomass production i.e. plant height, diameter, number of leaves and plant dry weight (Rawat and Banerjee, 1998; Madsen and Mulligan, 2006; Chaum and Kirdmanee, 2008; Nasim et al., 2008) . In conclusion, the eucalypt plants can be grown under salt-affected soil containing <1.7% salt with > 30 survival percentage. The proline accumulation, water use efficiency, pigments and photosynthetic abilities as well as overall growth performance should be applied as indicator for salt tolerant screening of eucalypt tree. Eucalypt plant species may be further planted as a potential plant species to remediate the inland salt-affected soil. 
